The final fate of massive stars depends on many factors. Theory suggests that some with initial masses greater than 25 to 30 solar masses end up as Wolf-Rayet stars, which are deficient in hydrogen in their outer layers because of mass loss through strong stellar winds. The most massive of these stars have cores which may form a black hole and theory predicts that the resulting explosion of some of them produces ejecta of low kinetic energy, a faint optical luminosity and a small mass fraction of radioactive nickel 1-3 . An alternative origin for low-energy supernovae is the collapse of the oxygen-neon core of a star of 7-9 solar masses 4,5 . No weak, hydrogen-deficient, core-collapse supernovae have hitherto been seen. Here we report that SN 2008ha is a faint hydrogen-poor supernova. We propose that other similar events have been observed but have been misclassified as peculiar thermonuclear supernovae (sometimes labelled SN 2002cx-like events 6 ). This discovery could link these faint supernovae to some long-duration c-ray bursts, because extremely faint, hydrogen-stripped core-collapse supernovae have been proposed to produce such long c-ray bursts, the afterglows of which do not show evidence of associated supernovae 7-9 .
The final fate of massive stars depends on many factors. Theory suggests that some with initial masses greater than 25 to 30 solar masses end up as Wolf-Rayet stars, which are deficient in hydrogen in their outer layers because of mass loss through strong stellar winds. The most massive of these stars have cores which may form a black hole and theory predicts that the resulting explosion of some of them produces ejecta of low kinetic energy, a faint optical luminosity and a small mass fraction of radioactive nickel [1] [2] [3] . An alternative origin for low-energy supernovae is the collapse of the oxygen-neon core of a star of 7-9 solar masses 4, 5 . No weak, hydrogen-deficient, core-collapse supernovae have hitherto been seen. Here we report that SN 2008ha is a faint hydrogen-poor supernova. We propose that other similar events have been observed but have been misclassified as peculiar thermonuclear supernovae (sometimes labelled SN 2002cx-like events 6 ). This discovery could link these faint supernovae to some long-duration c-ray bursts, because extremely faint, hydrogen-stripped core-collapse supernovae have been proposed to produce such long c-ray bursts, the afterglows of which do not show evidence of associated supernovae [7] [8] [9] .
SN 2008ha was discovered on 7 Nov. 2008 4.1 h UT in the late-type galaxy UGC 12682, at an unfiltered magnitude of 18.8 (ref. 10) . A spectrum obtained on 18.18 Nov. 2008 UT (ref. 11) was similar to that of the peculiar supernova SN 2002cx at 10 days past maximum light. The narrow P-Cygni lines are indicative of slowly expanding ejecta, suggesting an outflow velocity 3,000 km s 21 slower than that of SN 2002cx. Our spectra show narrow spectral lines confirming the low velocities of the ejected material (2,300 km s 21 ) and no hydrogen signature (see Fig. 1 and Supplementary Information).
The spectral evolution is very fast, and [Ca II] emission at wavelengths l 5 7,291-7,324 Å was detected one month after the explosion (usually it is visible in core-collapse supernovae only after two to three months). The ejecta velocity slowly decreases with time, reaching ,1,500 km s 21 in the last spectrum. Such low ejecta velocities (,1,000-1,500 km s 21 ) have been observed in a group of low-luminosity hydrogen-rich corecollapse supernovae 12 (faint type IIP supernovae) with extremely narrow P-Cygni spectral lines, but never in thermonuclear supernovae (type Ia supernovae). These objects are believed to be weak explosions (a few times 10 50 erg) of massive stars, ejecting only 10 23 solar masses of radioactive material 12 .
The photospheric spectrum of SN 2008ha is remarkably similar to that of SN 2005cs (see Fig. 2 ), apart from the absence of hydrogen lines and the strength of the O I l 5 7,774 Å feature, which is more pronounced in the spectrum of SN 2008ha than in that of SN 2005cs. The characteristic type Ia supernova lines (Si II l 5 6,347-6,371 Å and S II l 5 5,640 Å ), clearly visible in the spectrum of SN 1991T, are distinctly weak or absent in that of SN 2008ha.
Although at early phases SN 2008ha and SN 2005cs are strikingly similar, we know that photospheric spectra alone can be equivocal in discerning between thermonuclear and core-collapse explosions. The existence of prominent Si II and S II lines (combined with a lack of He I and hydrogen features) generally suggests the thermonuclear explosion mechanism. However, Si II lines are also detected in some strippedenvelope core-collapse supernovae (for example, SN 2007gr 13 ). To complicate matters, the presence of nearby Fe II, Ti II and Cr II lines blended by high photospheric velocities make the identification of weak Si II rather uncertain and may cause misclassifications.
Additional constraints on the explosion mechanism can be derived from the study of late-time spectra, when the ejecta are optically thin and it becomes easier to probe the nature of the innermost layers. Because of the extremely fast spectral evolution of SN 2008ha, the spectrum at 165 days already shares a remarkable similarity with the nebular spectra of SN 2005cs except for the hydrogen Balmer line (Ha l 5 6,562 Å ; Fig. 2b ). The near-infrared Ca II triplet and emission lines due to [Ca II] l 5 7,291-7,324 Å (strong in core-collapse supernovae and absent in type Ia supernovae) are clearly visible in both objects. The spectrum at 165 days does not show any evidence of the prominent forbidden iron lines which dominate late-time spectra of thermonuclear supernovae. The lack of these features is a strong indication that little 56 Ni was synthesized in the explosion, which does not suggest a thermonuclear origin. The [O I] l 5 6,300-6,364 Å feature, which is usually prominent in stripped-envelope core-collapse supernovae, is undetected in the spectra of SN 2005cs and SN 2008ha, probably because of the high ejecta density at these phases. SN 2008ha is the faintest and lowest-luminosity hydrogen-deficient supernova known. Using a distance modulus of 31.55 mag and a reddening of E(B 2 V) 5 0.076 mag (see Supplementary Information for details), SN 2008ha has a peak magnitude of M R 5 -14.5 6 0.3. This is five magnitudes fainter than typical type Ia supernovae, and three magnitudes fainter than the low-luminosity thermonuclear explosions. A 'pseudo-bolometric' light curve is shown in Fig. 3a together with light curves of the thermonuclear SN 1991T and other core-collapse supernovae (SN 1998bw 14 , SN 2007gr and SN 2005cs) . SN 2008ha evolves much more rapidly than these other supernovae and has a maximum luminosity comparable with those of low-luminosity type IIP supernovae 12, 15 .
The rapidly evolving light curve of SN 2008ha, together with the modest ejecta velocities, implies very low kinetic energy and ejected mass. We roughly estimate these quantities using a toy model based on Arnett's equations 16 (see Supplementary Information), obtaining an ejecta mass of 0.1-0.5 solar masses and a kinetic energy in the range 1-5 3 10 49 erg. The ejected mass is significantly smaller than the canonical 1.4 solar masses expected for thermonuclear supernovae (ref. 17) (with the caveat that the physical values can be better constrained with more accurate modelling). The kinetic energy is also smaller than suggested by models of the pure deflagration scenario, which were proposed to explain SN 2002cx-like events. We also estimate the mass of 56 Ni produced in the explosion of SN 2008ha to be 0.003-0.005 solar masses (see Supplementary Information). This amount is very close to that observed in sub-luminous type IIP supernovae 12, 15 , but is two orders of magnitude smaller than in normal type Ia supernovae (0.4-0.8 solar masses of 56 Ni , ref. 18 ). We cannot exclude that some exotic thermonuclear explosion might be consistent with the observed low energy and fast light curve evolution of SN 2008ha, but the observational comparisons indicate that it is more likely that SN 2008ha was produced in the low-energy corecollapse explosion of a hydrogen-deficient massive star.
This discovery has important implications for the origin of some gamma-ray bursts. Several nearby long-duration gamma-ray bursts show evidence of an accompanying bright, highly energetic, envelopestripped core-collapse supernova in their light curves and spectra. Two long gamma-ray bursts (GRB 060614 and GRB 060505, refs 7-9) were close enough that the presence of an associated supernova could be excluded down to limiting absolute magnitudes of M R < 212.3 to 213.7. One possible explanation is that they were accompanied by an extremely sub-luminous, hydrogen-poor core-collapse supernova. The discovery of SN 2008ha is the first evidence that such supernovae do exist (see Fig. 3b ). GRB 060614 showed no evidence for a supernova signature in its R-band afterglow light curve, leading the authors of refs 7, 8 and 9 to suggest that a faint supernova (fainter than 213.7 at peak) would be required to be consistent with the canonical physical production mechanism for long gamma-ray bursts. The horizontal line (blue dotted line) is the host galaxy of GRB 060614. The light curve of SN 2008ha shows, for the first time, that such faint hydrogen poor core-collapse supernovae (even though SN 2008ha was slightly brighter than 213.7 at maximum (being R 5 214.5 6 0.3), do exist. As a comparison, the afterglow of a bright gamma-ray burst (GRB 030329) consistent with the explosion of a SN 1998bw-like event is also shown 30 . In that case the flux excess with respect to the afterglow (green dotted line) was partially due to the SN 1998bw event. The observed properties of SN 2008ha are undeniably similar to the group of supernovae similar to SN 2002cx 6, [19] [20] [21] [22] , and it is perhaps the most extreme object of its kind (see Supplementary Information for more details on this supernova group). If SN 2008ha is more plausibly explained by core collapse then, by implication, all SN 2002cx events could possibly be explosions of this nature. So far they have been interpreted as pure thermonuclear deflagrations of 1.4-solar-mass (Chandrasekhar mass) white dwarfs 23 , although their observed characteristics deviate significantly from those of type Ia supernovae. Their intrinsic faintness and broad light curves are at odds with the luminosity versus light curve shape relation 24 which characterizes type Ia supernovae and itself is a consequence of comparable ejecta masses (ref. 17) . The spectra of SN 2002cx-like supernovae are quite bizarre: before maximum they show similarities to luminous type Ia supernovae 19 (for example, SN 1991T), after maximum they are very similar to those of SN 2008ha (see Fig. 4a ) and at late time the spectra resemble those of faint core-collapse supernovae. A comparison of an unpublished late-time spectrum of SN 2005hk 21, 22 (the best-studied SN 2002cx-like event), with that of the sub-luminous type IIP SN 1997D 25 is shown in Fig. 4b . The lack of forbidden lines of oxygen and iron in both spectra, and the presence of P-Cygni-type lines of Fe II about 400 days after explosion (in the case of SN 2005hk) is evidence of high density (,10 8 cm 23 , ref. 22) . The authors of ref. 22 , indeed, attempted to model a spectrum of SN 2005hk at 228 days by combining a photospheric spectrum and a nebular spectrum. However, the model required to reproduce the photospheric phase (a W7 model 26 scaled down to an energy of 3 3 10 50 erg) was unable to reproduce the high density of the inner ejecta at late phases. High density and low energy are sometimes found in core-collapse supernovae, particularly in faint type IIP supernovae 12, 15 .
Additional support comes from the detection of He I lines in SN 2007J 27 , a supernova showing remarkable similarities with SN 2002cx at an earlier phase 28 . Helium lines have never been detected in thermonuclear supernovae. There is quite significant evidence for SN 2008ha being a core-collapse supernova, and this family of objects could plausibly be of the same nature. Future observations of similar events will help us to understand whether they are a form of thermonuclear explosions, low-luminosity core-collapse supernovae from stripped stars of moderate mass, or the deaths of very massive stars inducing black-hole formation and fall-back.
